UR 26 a0UR 1 UNSIAL - DAUIBU 2565 215815 WANJIMS 25

Anti-inflammatory and anti-oxidative activities of Stephania pierrei extracts
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Abstract

A tuber of Stephania pierrei Diels (Menispermaceae) has been used as a traditional
medicine for edema, migraine, and heart related to inflammation. The objective of this study was
to determine the anti-oxidative and anti-inflammatory activities of S. pierrei tuber extracts including
hot water extract (SH) and ethanolic extract (SE). Hydroxyl radical and superoxide radical
scavenging activities were used to analyze their anti-oxidative activities Reverse Transcriptase-
polymerase chain reaction (RT-PCR) was used to investigate the gene expression of pro-
inflammatory mediators including IL-lB, COX-2, TNF-Q, IL-6, and INOS compared with a
housekeeping gene, B'actin. In addition, the cytotoxicity of extracts against RAW264.7
macrophages was also determined by using an MTT assay.. The results showed that both SE and
SH showed high anti-oxidative activity. The SE showed slightly stronger superoxide radical
scavenging activity than SH. For cytotoxic effect, SE showed higher cytotoxicity than SH with 1Cs,
of 96.14+1.79 Meg/ml and 191.80+6.08 Me/ml, respectively. Both extracts as well as the standard
compounds, significantly suppressed the gene expression of all pro-inflammatory mediators. The
SE effectively suppressed COX-2 gene expression to the same degree as the SH (ICy, of 50.85+2.15
He/ml and 56.54+0.97 Jeg/ml, respectively). Moreover, the SE showed a stronger inhibitory effect
than the SH on the gene expression, especially IL-1B, IL-6 and TNF-QL genes. These results
indicated that S. pierrei tuber extracts might decrease inflammation via suppression of pro-
inflammatory mediator gene expression and their anti-oxidative activity. Therefore, S. pierrei tubers

can be a good candidate for the development of anti-inflammatory health products.

Keywords : Stephania pierrei Diels, Anti-oxidative activity, Anti-inflammatory activity, Cytotoxicity,
Pro-inflammatory mediators
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Introduction

Inflammation is one of the host defense mechanisms and conserved processes for
eliminating harmful and foreign stimuli and promoting the repairing and recovery processes.
However, this immune response may create adverse such as heat, redness, swelling, pain, chronic
inflammatory diseases, or illnesses. Unregulated inflammation plays an important role in chronic
disease development. Chronic inflammation is an important factor that can cause several chronic
diseases such as cancer, atherosclerosis, rheumatoid arthritis, diabetes mellitus, Alzheimer’s
disease, and ulcerative colitis. In inflammatory responses, the immune and stromal cells secrete
several pro-inflammatory mediators such as tumor necrosis factor (TNF-QU), interleukin 6 (IL-6),
interleukin 1 (L-1B), cyclooxygenase-2 (COX-2) and iNOs.?

inflammatory agents on the pro-inflammatory mediator production can help to prevent and treat
4)

Suppressive effects of anti-

the ‘|r1ﬂamma1:i0n.[3

Stephania  pierrei  Diels (syn. Stephania  erecta Craib) belongs to  the family
Menispermaceae. Its tuber has been traditionally used as the herbal medicine for the treatment of
body edema, migraine, and heart disease.m These diseases and symptoms are related to
inflammatory responses,{ﬁ'n The S. pierrei extract was reported to have acetylcholinesterase (AChE)
inhibitory activity with 89% inhibition at 0.1 mg/ml and IC, of 6 pg/mL.(g) AChE inhibitors are well-

TR L - . m .
known drug for Alzheimer’s disease which is a chronic inflammatory disease. " In our previous
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studies, we reported anti-oxidative, anti-fungal, and anti-bacterial activities of S. pierrei tuber hot
water extract.{g'm) This extract was also found to contain a cepharanthine, an alkaloid in the plant’s
tubers. The cepharanthine is one of the medicine for the treatment of Alzheimer’s disease."”
Moreover, the S. pierrei extract was reported to show anti-cancer and anti-malarial activities
related to the alkaloid content in the extract." It is possible that the S. pierrei tuber extract may
have anti-inflammatory activity leading to the effects used as an herbal medicine. However, there
was no study on the anti-inflammatory activity of the S. pierrei extract. Therefore, the objective of
this study was to investigate the anti-oxidative and anti-inflammatory activities of S. pierrei tuber

extracts comparing hot water and ethanolic extracts.

Methodology

Plant extract preparation Tubers of S. pierrei were collected from Burapha University
Sa Kaeo Campus, Wattana Nakorn District, Sa Kaeo Province. The plant was identified by a botanist,
Dr. Chakkrapong Rattamanee. A plant specimen has been kept at the Faculty of Agricultural
Technology, Burapha University Sa Kaeo Campus and the voucher specimen number is AgriTech-
002. The tubers were sliced and then dried using a hot air oven at 50°C for 3 days. The dried
pieces were mashed. The dried powder was divided into 2 parts. One part was extracted by using
distilled water (400 ml) at 80°C for 1 h. Another part was extracted by using a continuous
extraction method in a Soxhlet apparatus and 95% ethanol was used as a solvent. The extracted
liquid parts were filtered, concentrated, and kept at a°c™” The extract from hot water extraction
was called S. pierrei hot water extract (SH) and ethanolic extraction was called S. pierrei ethanolic
extract (SE).

Determination of anti-oxidative activity

Hydroxyl radical scavenging activity

The determination of hydroxyl radical scavenging activity was modified from a previous
study.{m Briefly, the extract was added with 200 pl of 2.8 mM deoxyribose, 220 pl of 10 mM
potassium phosphate (pH 7.4), 380 ul of 2.8 mM H,0,, 200 pl of 25 mM FeCls, and 200 pl of 100
mM nitrilotriacetic acid (NTA). The mixture was incubated at 37°C for 1 h and added with 1 ml of
1% thiobarbituric acid (TBA)and 1 ml of 2.8% trichloroacetic acid (TCA). The mixture was
incubated in a water bath at 100°C for 20 min. After cooling down, the mixture has measured the
absorption at 532 nm and a Trolox was used as a positive control.

Superoxide radical scavenging activity

The determination method of superoxide radical scavenging activity was modified from
Nishikimi et aL.(ls). Briefly, the extract was added with 0.5 ml of 2.52 uM nitroblue tetrazolium (NBT)
in 0.1 M phosphate buffer (pH 7.4) and with 0.5 ml of 624 pM nicotinamide adenine dinucleotide
(NADH) in 0.1 M phosphate buffer (pH 7.4) and with 0.5 ml of 120 puM phenazine methiosulphate
(PMS) in 0.1 M phosphate buffer (pH 7.4). The mixture was placed at room temperature for 14
min. The absorption was measured at 560 nm. The results were calculated for % inhibition and
then expressed as 50% inhibitory concentration (ICse) by comparing with the standard compound,

gallic acid.
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Determination of anti-inflammatory activity

Cytotoxicity test

Murine macrophages (RAW264.7) (1 X 10" cells/well) were cultured in Dulbecco's Modified
Eagle Medium supplemented with 1% penicillin-streptomycin solution and 10% fetal bovine
serum under 5% CO, at 37°C for 24 h,

The cells were then added with various concentrations of the diluted extract. After 24 h
incubation, the culture media was removed and then analyzed cell viability by using an MTT

(16)
assay.

Pro-inflammatory mediator gene expression: The gene expression determination was
analyzed using the reverse transcriptase polymerase chain reaction (RT-PCR) method. The

RAW264.7 cells (1 X 10° cells/well) were cultured in a 12 well plate and incubated for 24 h. The
culture media was removed. The cells were added with the selected concentration of extract and
then incubated for 22 h. To induce the pro-inflammatory mediator gene expression, the cells were
added with 1 pg/ml Escherichia coli \ipopolysaccharides (LPS) and then incubated for 2 h. The
cells were harvested and extracted for whole-cell RNA by using an RNA extraction kit (GE
Healthcare, UK). The RNA was analyzed by using UV spectrophotometer at 260 and 280 nm and
calculated for total RNA concentration and RNA quality. The RNA (40 ng) was reversed to cDNA by
using reverse transcriptase from Omiscript RT Kit (QIAGEN, Germany). The cDNA (3 pl) was amplified
by using the specific primers for B-actin, |L-1B, COX-2, TNF-Q., IL-6, and iINOS (Table 1) and using a
thermal cycler PCR (AB Applied Biosystems GeneAmp PCR system 2400). Each gene was amplified
for 27 cycles and the amplifying condition was shown in Table 2. The PCR products were
confirmed by using electrophoresis and visualized by using Novel Juice staining. The density of the
PCR products was measured by using Gel Documentation and Analysis system machine. The
results of gene expression were expressed as the relative mRNA expression level with B-actin. The
inhibitory activity of extracts on each gene was expressed as ICsy by comparing with the gene

expression level of unstimulated cells.

Table 1 Oligonuclectide primers used in RT-PCR

Genes Primers Sequences (5'-3") Product size (bp)

B-actin” Forward  TCATGAAGTGTGACGTTGACATCCGT 285
Reverse  CCTAGAAGCATTTGCGGTGCACGATG

IL-1B% Forward ~ CAGGATGAGGACATGAGCACC a47
Reverse  CTCTGCAGACTCAAACTCCAC

cox-2" Forward  GGAGAGACTATCAAGATAGT 861
Reverse ATGGTCAGTAGACTTTTACA

™F-a” Forward  ATGAGCACAGAAAGCATGATC 276
Reverse  TACAGGCTTGTCACTCGAATT

IL-62 Forward  CATCCAGTTGCCTTCTTGGGA 463
Reverse  GCATTGGAAATTGGGGTAGGAAG

iNOS™” Forward  AATGGCAACATCAGGTCGGCCATCACT 454

Reverse GCTGTGTGTCACAGAAGTCTCGAACTC

Note: (1) Won et al"” and (2) Sugawara et al™®
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Table 2 The amplifying condition used in PCR

Denaturation/ Cycles Final
Genes L . Hold

RT Inactivation  Denaturation Annealing Extension Extension

ﬁ-actin 95°C, 2 min 94°C, 1 min 60°C, 1 min 72°C, 1 min

IL-1B 94°C, 2 min 94°C, 45 s 60°C, 45 s 72°C, 1 min o

COX-2 95°C, 2 min 94°C, 1 min 60°C, 1 min 72°C, 1 min 10 mi,n a°C

TNF-OL 94°C, 2 min 94°C, 15 s 60°C, 1 min 72°C, 1 min

IL-6 94°C, 2 min 94°C, 15 s 60°C, 1 min 72°C, 1 min

Statistical analysis

The results in this study were performed in triplicate and represented in mean + S.D.
Significant difference was P value < 0.05. One-Way ANOVA and Post HOC multiple comparisons
(LSD) were used for statistical analysis by using SPSS.

Results and Discussion

Anti-oxidative activity

In our previous studies, we reported the anti-oxidative of S. pierrei hot water extract. The
S. pierrei extract contained alkaloids, triterpenoids, tannins and poLypm—mols.wJ We also found the
cepharanthine content of 33.68 me/g extract. In addition, the ABTS, DPPH and FRAP assays were
also used but we found that S. pierrei hot water extract showed low effectiveness on anti-
oxidative activity.{m)This low activity might be due to the difference in solvent used in the
extraction. In the present study, different anti-oxidative assays and extraction solvents were used.
The SE showed slightly stronger superoxide radical scavenging activity than SH, whereas SH
showed slightly higher hydroxyl radical scavenging activity than SE (Table 3). This high anti-
oxidative activity of SH in the present study might be the result of water temperature during
extraction. In our previous studies, we used boiling water for extractiontg‘lm, whereas we used water
temperature of 80°C for extraction in this present study. These results indicated that some
bioactive constituents might be degraded during high-temperature extraction resulting in low anti-
oxidative activity in our previous studies. The extraction temperature, time and solvent type have
a significant effect on the phenolic content yield, antioxidant capacity and biological activity‘“g’zm
However, both SH and SE in the present study showed high anti-oxidative activity and
approximately 10 times lower activity than the standard compounds (Table 3). This high
antioxidant of the extract might directly affect their anti-inflammatory properties.
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Table 3 Anti-oxidative activities of S. pierrei extracts

Standard / Extract Superoxide radical scavenging Hydroxyl radical scavenging activity
activity (IC5, mg/ml)
(ICso mg/ml)
Gallic 0.190.01"
Trolox - 1.28+0.04°
SH 2.19+0.05° 12.8:(108’2I
SE 1f4"9iO.01b 13.9+0.12°

® Different letter on the right side of the data within the same column indicated significant

differences (n=3).

Cytotoxicity of extracts

After 24 h treatment, the extracts showed high cytotoxic effect. SE showed stronger
cytotoxicity than SH with IC5q of 96.14+1.79 Me/ml and 191.80+6.08 e/ml, respectively (Figure 1).
This cytotoxicity might be the effect of the alkaloids in the extracts. Likhitwitayawuid et al.m}
reported the alkaloid content and the isolates from the S. pierrei extract and also showed that
their cytotoxicity against cancer cells was mainly due to the presence of aporphine alkaloids. To
prevent the cytotoxic effect on the tested cells, therefore, the extract concentrations between 25

to 100 He/ml were selected for further experiments.

b

Conuntratlons (mg/ml)

Cytotoxicity (%)
58 3 8 8

)
=]

Figure 1 The cytotoxic effect of SH and SE against RAW264.7 cells (n=3)
Effect of S. pierrei extracts on pro-inflammatory mediator gene expression

In figure 2A, after LPS treatment the COX-2 gene was expressed in LPS-treated control cells
(Lane 4) higher than the expression in unstimulated cells (Lane 1). The SE and SH at concentration
of 25 to 100 Mg/ml inhibited COX-2 gene expression in dose-dependent manner, and also a
significant difference to LPS-treated control cells (Lane 4). SE could suppress the expression of
COX-2 gene greater than SH with IC5 of 50.85+£2.15 Mg/ml and 56.54+0.97 Me/ml, respectively
(Figure 3). In addition, SE also suppressed COX-2 gene expression at the same level as
Indometacin, a positive compound (Lane 11).
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In figure 2B, after treatment with LPS the expression of IL-IB in RAW264.7 cells was higher
(Lane 4) than that of the unstimulated cell (Lane 1). The SE and SH at the concentration of 25 to
100 Meg/ml inhibited the expression of |L-1B gene in dose dependent manner and showed a
significant difference when compared with LPS-treated cells (Lane 4). The SE showed a stronger
inhibitory effect on IL-1B gene expression than that of SH with ICs, of 60.50+3.26 g/ml and
95.16+10.44 HPeg/ml, respectively (Figure 3). Moreover, SE could inhibit |L-1B expression at the
same level as Indometacin (Lane 11). Interestinely, the 100 Me/ml SE could suppress the

expression of the IL-1[3 gene to the same expression level of unstimulated cells (Lane 1).

In figure 2C, after treatment with LPS the expression of IL-6 in RAW264.7 cells was higher
(Lane 4) than that of the unstimulated cell (Lane 1). The SE and SH at the concentration of 25 to
100 Mg/ml decreased the expression of IL-6 gene in dose dependent manner and showed a
significant difference when compared with LPS-treated cells (Lane 4). The SE showed a stronger
inhibitory effect on IL-6 gene expression than that of SH with IC5, of 50.80+7.73 Hg/ml and
84.79+13.88 Mg/ml, respectively (Figure 3). Moreover, SE could inhibit IL-6 expression in the same

level as Indometacin (Lane 11).

In figure 2D, after treatment with LPS the expression of iINOS in RAW264.7 cells was higher
(Lane 4) than that of the unstimulated cell (Lane 1). The SE and SH at the concentration of 25 to
100 Me/ml suppressed the expression of iNOS gene in dose dependent manner and showed a
significant difference when compared with LPS-treated cells (Lane 4). The SE showed an inhibitory
effect on iINOS gene expression better than SH. The ICy, of SE and SH were 48.58+5.61 Jeg/ml and
61.25+3.94 Hg/ml, respectively (Figure 3). In addition, SE could inhibit INOS expression at the same

level as Aminoguanidine, a positive compound (Lane 11).

In figure 2E, after treatment with LPS the expression of TNF-QL in RAW264.7 cells was higher
(Lane 4) than that of the unstimulated cell (Lane 1). The SE and SH at the concentration of 25 to
100 Me/ml reduced the expression of TNF-QL gene in dose dependent manner and showed a
significant difference when compared with LPS-treated cells (Lane 4). The SE showed an inhibitory
effect on TNF-QL gene expression better than SH with 1Csy of 80.62+0.31 Jle/ml and 94.86+13.37
He/ml, respectively (Figure 3). In addition, SE could inhibit TNF-QL expression in the same level as
Indometacin (Lane 11).



215815 VANJIMS 32 UR 26 a0UA 1 UNSIAL - DALY 2565

1000 1,000
- A £ B
% i
e 800 800 *
s H .
) ; s ]
%g 600 i ,f 800 . . .
£5 A i8
£ 400 . i EB aw
gﬁ ® gf.
- = -
‘i 200 i 200 - * H
5 nl 3 il
g . nll : i
T -1 e Ty
B-actin m B-ac linm
12 a1 4 5 6 7 AR & 1011 1 2 3 4 5 6 1 & 9% 10 11
3 1,000 c 1000 N
& 'g -
800 800 ®
§ . 3
31_3- . o
%s 600 H 600 -
%] *
§§ s S E
EE a0 . £§5 a0
- = * - =y
é - E¥ -
T 200 %'-' 200 .. H I B
= s & = £ - . I
D -
= 1Ll : anlA
N = — — — — — MR- - - — — o~ — — - ]
factin X X X X X X T T ¥ X1 fatn et L L LT
1 2 3 4 5 6 7 8 9 10 11
1 2 ] 4 5 L) I L] 9 mw n
500
3 E
§ 00
.
- .
* T 300
E g i
. 2 *
izuu *

™=

B I I I

TNF-o e

ractin gy
1 2

[] [] 5 [] 7 [] [] [T

Figure 2 Effect of SE and SH on pro-inflammatory gene expression. A) COX-2, B) IL-1B, €) IL-6, D) iINOS and
E) TNF-QL Lane 1 = Unstimulated cells, lane 2 = 100 Jlg/ml SE-treated cells, lane 3 = 100 [g/ml
SH-treated cells, lane 4 = LPS-treated control cells, lane 5 = 100 Jlg/ml SE + LPS-treated cells,
lane 6 = 50 Wg/ml SE + LPS-treated cells, lane 7 = 25 Jg/ml SE + LPS-treated cells, lane 8 =
100 Mg/ml SH + LPS-treated cells, lane 9 = 50 Hlg/ml SH + LPS-treated cells, lane 10 = 25
Hg/ml SH +LPS-treated cells, and lane 11 = 50 Hg/ml Indometacin + LPS-treated cells (or 50
Mg/ml Aminoguanidine + LPS-treated cells in the case of INOS). * represents significant
difference when compared with lane 4 LPS-treated cells (P < 0.05). Data are means of triplicates.

The plant in genus Stephania has been used to treat several illnesses such as dysentery,
pyrexia, tuberculosis, diarrhea, dyspepsia, urinary tract diseases, abdominal ills, asthma, ascariasis,
dysmenorrhea, indigestion, wounds, headache, sore-breasts and Leprosy.(zn The S. pierrei has also
been traditionally used for the treatment of body edema, migraine, and heart disease.”’ This
traditional use may be related to their anti-inflammatory activity. The plant in genus Stephania
contained over 150 alkaloids together with flavonoids, lignans, steroids, terpenoids and coumarins

and these constituents play an important role in their biological activity such as anti-oxidative
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activity, anti-malarial activity, anti-microbial activity, anti-viral activity, anti-cancer activity, anti-
inflammatory activity, analgesic activity, and immunomodulating activity‘m In our previous study,
the S. pierrei extract was reported to have triterpenoids, tannins, polyphenols and alkaloids,
especially cepharanthine.(g) Cepharanthine is an alkaloid and isolated from plants of the genus
Stephania. It is generally abundant in the tubers of the plant. This cepharanthine has been used
as a drug that showed several biological activities, including antioxidant, anti-inflammatory activity
and potential activity in Alzheimer’s disease."” Therefore, it is possible that cepharanthine may
play a role in anti-inflammatory activity in this present study and in their traditional use.
120
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Figure 3 Comparison of inhibitory effect between SE and SH on COX-2, IL-1|3, IL-6, INOS and TNF-QL gene

expression

Conclusion

The extracts of S. pierrei in this study showed strong anti-oxidative activity. The extracts,
especially ethanolic extract showed strong anti-inflasmmatory activities by suppressing the pro-
inflamsmatory mediator gene expression, including |L—1[3, IL-6, TNF-Ql, COX-2 and iNOS. Therefore,
S. pierrei has the potential for further development of natural health products.
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